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（論文内容の要旨）                                        
In mammals, the principal circadian pacemaker governing daily rhythms in behavior and 
physiology resides in the suprachiasmatic nucleus (SCN) of the hypothalamus. Malfunction of 
the circadian clock has been linked to the pathogenesis of a wide variety of diseases, 
including sleep-wake disorder, tumorigenesis, obesity, diabetes, and hypertension. Drug 
efficacy and toxicity are also under circadian regulation. These lines of evidence support the 
potential value of developing drugs that target the circadian clock. 
G-protein-coupled receptors (GPCRs) constitute the largest family of cell surface 
receptors, participating in a broad range of physiological functions. It has been appreciated 
that GPCRs are the most common target of pharmaceutical drugs: more than 30% of clinically 
marketed drugs target GPCR function. Intriguingly, there are still more than 140 orphan 
GPCRs whose cognate ligands are not known, and deciphering their physiological function 
remains a priority for both clinical and fundamental research. 
Heterotrimeric G-proteins (G) are key components in the transmission of signals from 
GPCRs to downstream effector molecules. G subunits cycle between active GTP-bound and 
inactive GDP-bound states, and the duration of activation is determined by the balance of 
GDP/GTP exchange (activation) and GTP hydrolysis (deactivation). The activation limb of the 
cycle is conducted by GPCRs; the deactivation limb is accelerated by GTPase-activating 
proteins (GAPs). 
Depending on the G subtypes, a variety of downstream signaling pathways can be 
regulated. Gz is a member of the Gi family, which inhibits adenylyl cyclases and thereby 
reduces cAMP production. However, Gz possesses many properties that distinguish it from 
the other Gi family members. Firstly, differently from Gi, Gz is mainly expressed in the 
brain plus platelets. Secondly, unlike Gi, pertussis toxin (PTX) does not inhibit Gz; Gz lacks 
a cysteine residue in the fourth position from C-terminus that serves as a site for 
PTX-mediated ADP-ribosylation conserved in the other Gi family members. Lastly, compared 
to Gi and other G subtypes, Gz is unique in that it exhibits an extremely low intrinsic 
GTPase activity. However, physiological meaning of these unique biochemical features of Gz 
has remained elusive. 
Regulator of G-protein signaling (RGS) proteins are GAPs for G subunits. There are 20 
RGS proteins, which have been shown to exhibit selectivity toward G subunits. RGS16 is 
known to act on Gi but not Gs. It has been reported that RGS16 is expressed in the SCN and 
that loss of RGS16 causes dysregulation in circadian signaling in the SCN and longer circadian 
behavioral activity in mice. Moreover, three independent genome-wide association studies 
(GWAS) demonstrated that human genetic variants of RGS16 are associated with being a 
morning person. However, precise functioning of RGS16 within the SCN is poorly understood . 
In Chapter 1, I identify Gpr176 as an SCN-enriched orphan GPCR that sets the pace of 
circadian behavior. I also show that at the molecular level Gpr176 couple s to Gz to reduce 
  
cAMP synthesis. In Chapter 2, I show that RGS16 has the potential to serve as a GAP for Gz.  
 
Chapter 1: Gpr176 is a Gz-linked orphan G-protein-coupled receptor that sets the pace of 
circadian behavior 
 
I launch the SCN orphan GPCR project to (i) search for murine orphan GPCRs with enriched 
expression in the SCN, (ii) generate mutant animals deficient in candidate GPCRs, and (iii) 
analyze their roles in keeping circadian rhythms. I thereby identify Gpr176 as an SCN-enriched 
orphan GPCR that sets the pace of circadian behavior. Gpr176 is expressed in a circadian 
fashion in SCN neurons, and molecular characterization revealed that it represses cAMP 
signaling in an agonist-independent manner. Gpr176 acts independently of, and in parallel to, 
the Vipr2 GPCR, not through the canonical Gi, but via the unique G-protein subclass Gz. 
 
 
Chapter 2: RGS16 serves as a GTPase-activating protein for Gz 
 
The mouse SCN does not show any detectable expression of known Gz-selective GAPs, RGSZ1 
and RGSZ2, raising the possibility that yet unappreciated RGS protein(s) might act on Gz in the 
SCN. RGS16 is known to act on Gi but not Gs. To test the possibility that RGS16 possesses 
GAP activity for Gz, in vitro GTPase assay is performed with purified Gz proteins. RGS16 
accelerates GTP hydrolysis of Gz. My data support the hypothesis that RGS16 is involved in 
the termination of Gpr176-Gz-cAMP signaling in the SCN. 
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